Introduction
One factor limiting production in sheep is the occurrence of a period of anoestrus lasting several months each year. Lamb production following matings within the breeding season is further limited by low ovulation rates (Hulet & Foote, 1967) and failures of fertilization and embryonic death (Edey, 1969 (Edey, , 1976 . Robinson, Fraser & McHattie (1975) , using a combination of treat¬ ments, including controlled photoperiod, early weaning and pregnant mares' serum gonadotrophin (PMSG) injections, successfully eliminated seasonality and maintained a high level of lamb production from Finnish Landrace Dorset Horn ewes bred at 7-month intervals. How¬ ever, reproductive performance was measured only in terms of conception rates and lambing percentages, and the factors limiting production under these conditions could not be assessed. The aim of the present work was to investigate ovulation rates, the subsequent development of embryos and fetuses and the associated changes in the concentrations of progesterone in the peripheral plasma of the ewes that were used in the studies of Robinson et al (1975 Henricks, Dickey & Hill (1971) with an antiserum (Y 29/6) raised in sheep to 6ß-hydroxyprogesterone-hemisuccinyl-BSA diluted to 1:4000 in phosphate-buffered saline-0-1% gelatin. Cross-reactions were 8-8% with 5ß-pregnane-3,20-dione, 11-1% with de- oxycorticosterone and negligible for other steroids. Intra-and inter-assay coefficients of variation were ± 12% (n = 19) and ±22% (n = 42) respectively for a sample containing 3-8 mg progesterone/ml. The sensitivity of the assay was 0-04 ng/tube. The mean (±s.e.m.) ovulation rates of 4-5 ± 0-24 and 5-0 ± 0-32 for Flocks D and A respectively were not significantly different. The corresponding values for ewes that conceived to the repeat oestrus were lower, being 3-0 ± 0-00 (n = 5) and 2-8 ± 0-22 (n = 4). Ovulation rates were not related to ewe liveweight or body condition at mating.
Mean (±s.e.m.) litter sizes for ewes that conceived to the induced oestrus were 2-8 ± 0-15 (range 1-4) and 2-8 ± 0-18 (range 1-5) for Flocks D and A respectively. Corresponding values for those that conceived to the repeat oestrus were 1-8 ± 0-33 and 2-0 ± 0-35. As there were no significant differences in ovulation rate or litter size between the two flocks, the data were pooled for further analyses.
Egg wastage
The proportion of eggs shed that was represented by viable fetuses at the time of slaughter in all of the ewes which conceived to the induced or repeat oestrus was inversely related to ovulation rate (see Table 1 ). In many ewes the fate of the lost eggs was not clear, but some of the eggs had been successfully fertilized and death of the fetuses had occurred at a fairly late stage. A 2 test showed that the incidence of detectable embryonic or fetal death was positively related (P < 0-01) to ovulation rate (see Table 1 ). Mean progesterone values at Day 40 increased with increasing ovulation rate (see Table 2 ) with the exception of one anomalous value. The difference between the two flocks in progester¬ one concentration at this time was not attributable to difference in ovulation rate, the mean rates being 5-0 (Flock D) and 4-9 (Flock A) for the ewes included in these comparisons. Further¬ more flock differences were recorded in the mean values for ewes in each ovulation rate category from 3 to 5. No relationship was found between ovulation rate and progesterone concentrations at 70 and 100 days of gestation when progesterone is produced mainly by the placenta.
Discussion
The differences in ovulatory response to PMSG with time of year reported by Robinson (1950) and Rhind, Robinson, Chesworth & Phillippo (1980) contrast with the present findings. It would therefore appear that the artificial photoperiod was effective in eliminating the natural seasonal variation (Hendy & Bowman, 1974) in ovulation rate.
The mean ovulation rates of ewes treated with PMSG in the present study were very high compared with normal values for Finn Dorset Horn ewes which are reported to be between 2-1 and 3-1 depending on level of feed intake and lactation (Shevah, Black, Carr & Land, 1974; Shevah, Black & Land, 1975 (Hancock, 1962) and 20% (Edey, 1969) respectively (see Table 1 ). With ovulation rates of 6 or more, however, there was a significant deviation from the expected litter size indicating an increase in egg/embryo or early fetal loss possibly due to limited uterine capacity. While there were insufficient ewes to demonstrate a significant reduction in litter size with ovulation rates of more than 5, the decrease is consistent with trends observed by Hanrahan (1976) and Land & Wilmut (1977) Robinson (1951) and Bindon, Ch'ang & Turner (1971) found that in ewes induced to superovulate most eggs are normally fertilized and that embryonic mortality increases with ovulation rate, a finding consistent with the present data. In their studies most of the deaths occurred during the first 3 weeks of pregnancy. In contrast, a feature of the present experiment is that many of the deaths occurred at a later stage of gestation than normal, i.e. more than 7 days after implantation; these deaths are similar in timing to those observed by Edey, Kilgour & Bremner (1978) in ewe lambs, most of which were carrying single fetuses. The lateness of the deaths suggests that they were not attributable to abnormalities of the fetus, a common cause of early loss (Edey, 1976) , but rather to physical factors such as an inadequate blood supply.
The mean progesterone concentrations of the ewes during pregnancy were very high compared with those reported for naturally bred ewes of conventional breeds (Thorburn, Bassett & Smith, 1969; Fylling, 1970) . This may be attributable in part to the high ovulation rates induced by treatment with gonadotrophin, particularly since there was a positive relationship between progesterone concentration and ovulation rate. While a similar relationship was recorded by Eastwood, Payne, Fairclough & McDonald (1976) , the mean values that they obtained for Romney ewes or crosses induced to superovulate and having up to 6 corpora lutea were much lower than for ewes in the corresponding categories in the present experiment.
While the application of an artificial daylength regimen apparently eliminated the seasonal variation in ovulation rate and litter size that occurs under natural daylength conditions, seasonal variation was still evident in the progesterone concentrations of the ewes, those mated during the normal breeding season (December) having higher concentrations than those mated during the normal period of anoestrus (April).
